Introduction
The adult bone marrow (BM) is host to 2 major stem cells: hematopoietic stem cells (HSCs) and mesenchymal stem cells (MSCs). 1, 2 While HSCs reside close to the endosteum, MSCs surround the vasculature and trabeculae. [3] [4] [5] [6] [7] MSCs differentiate along multiple lineages and form cells of mesodermal lineage and can also generate cells of other germ layers through the process of transdifferentiation. 8 Studies have shown the generation of functional neurons from MSCs. 8 In the adult, MSCs could also be found in the circulation and other tissues. [8] [9] [10] MSCs exert immune properties that make them desirable for transplantation across allogeneic barriers. These include veto functions and blunting effects on the maturation of professional antigen-presenting cells (APCs). 11, 12 MSCs, however, appear to be functionally plastic, and, when required, they can modulate their immune-suppressive effects and facilitate T-cell cytotoxic responses to viral infection, albeit at reduced efficiency. 13 Recent findings have shown conditional evidence for APC function of MSCs in the presence of interferon-␥ (IFN␥). 14 These studies are not surprising since MSCs have been reported to express MHC class II (MHC-II), respond to proinflammatory cytokines, and exert phagocytic properties. 11, [15] [16] [17] [18] Despite these immune-enhancing properties of MSCs, they have been reported to suppress immune rejection in different species, including human and nonhuman primates. [19] [20] [21] However, tolerance of MSCs across the allogeneic barrier might not be absolute since studies by another group report on experimental evidence that questions the status of immune privilege. 22 The expression of MHC-II expression on MSCs raises 2 concerns. First, can unstimulated MSCs act as APCs? Second, if MSCs do exert APC function, how can this property explain their role as immune-suppressor cells? These 2 major questions are important and would be relevant to hematologic disorders, especially since the literature reports on dysfunction and abnormal cytogenetics in MSCs from patients with severe aplastic anemia and myelodysplastic syndrome. [23] [24] [25] Thus, an understanding of the biology of MSCs, in the context of hematopoiesis, could be relevant to hematologic dysfunctions. The studies in this report are based on the overarching hypothesis that MSCs act as a "gatekeeper" in the BM by regulating the types and behavior of cells traversing the BM. We report a role for MSCs as APCs in a model where the readout is based on CD4 ϩ T-cell proliferation. The dual roles of MSCs as APCs and as immune-suppressor cells can be explained by mechanisms that are influenced by the levels of IFN␥ levels. The relevance of this report to BM protection is discussed.
distributed by Antigen Supply House (Northridge, CA). Texas Red-Xphalloidin was purchased from Molecular Probes (Eugene, OR). Cell Dissociation Solution was obtained from Sigma (St Louis, MO).
Antibodies
The following antibodies were purchased from BD PharMingen (San Diego, CA): PE HLA-DR mAb, and FITC-and PE-mouse IgG isotypes. FITC anti-CD105 (SH2) was obtained from Cymbus Biotech (Eastleigh, United Kingdom). Goat anti-human IFN␥ type I receptor (IFN␥R1) and non-immune goat IgG were purchased from R&D systems (Minneapolis, MN). CD4 mAb was generated as ascites with hybridoma.
Culture of MSCs and monocyte isolation
MSCs were cultured from BM aspirates of healthy subjects as described. 11 The use of human subjects adhered to guidelines outlined by the institutional review board of UMDNJ (Newark Campus, NJ). Briefly, BM aspirates were cultured in D10 media: DMEM (Sigma) and 10% fetal calf sera (FCS; Hyclone, Logan, UT). Based on the position outlined by the International Society for Cellular Therapy on the nomenclature of MSCs, we have designated the cells cultured for this study as MSCs. 26 At passage 5, MSCs were verified by morphology, phenotype, and differentiation. 8, 11 The cells are adherent to plastic, morphologically symmetrical compared with the asymmetry of fibroblasts, replicated by asymmetry, expressive of telomerase, and able to differentiate into several cell lineages. Based on these indicators, we have achieved purity of more than 99%.
Monocytes were isolated from peripheral blood mononuclear cells (PBMCs) as described. 27 Briefly, the adherent population was selected in dishes, and precoated with gelatin and autologous fibronectin. Adherent cells (Ͼ 95%) were positive for CD14 ϩ and nonspecific esterase. Macrophages (M⌽s) were prepared by culturing monocytes for 1 week in R10 media (RPMI 1640 and 10% FCS).
Phagocytic assay
MSCs or M⌽s were incubated at 37°C with fluoresbrite plain YG microspheres at 1 L/10 6 cells. After 2 hours, M⌽s were washed and then mounted with 1% glycerol. MSCs were permeabilized with 0.1% TritonX-100 and then incubated with Texas Red-X-phalloidin at 28 U/mL for 90 minutes. Both macrophages and MSCs were examined by confocal fluorescence microscopy.
APC assay
Day 1: cell activation. PBMCs (2 ϫ 10 6 /mL) were incubated with 10 g/mL (optimum in dose-response studies at 5-15 g/mL) C albicans and T toxoid, at 1:100 final dilution (based on dose-response studies). 11 Unactivated cells lacked C albicans.
Day 4: pulsing. MSCs and M⌽s (2 ϫ 10 4 /mL) were incubated for 24 hours with 0.1 to 5 g/mL C albicans or T toxoid. Unpulsed cells lacked antigens. MSCs were either untreated or pretreated with anti-IFN␥R1 for 4 hours prior to pulsing.
Day 5: isolation of CD4 ؉ T cells. PBMCs (10 6 /mL) were positively selected by consecutive incubation with 50 g/mL CD4 mAb and Dynabead goat anti-mouse IgG (Dynal, Oslo, Norway). Immunofluorescence showed more than 95% was positive for CD4.
Day 5: assay. Pulsed MSCs and M⌽s were resuspended in D10 media at 10 6 /mL and then subjected to 20 Gy ␥-irradiation. Irradiation renders the cells in cycling quiescence, but they remain metabolically active. CD4 ϩ cells (4 ϫ 10 4 /mL) were added to 50, 10 2 , 10 3 , or 10 4 /mL ␥-irradiated MSCs or M⌽s. Similar cultures contained 0.1 to 5 g/mL anti-IFN␥R1 or isotype control. After 24 hours, cells were pulsed with 1 Ci (0.037 MBq) [methyl-3 H]-TdR/well. After 16 hours, cells were harvested and analyzed for radioactive incorporation, and the simulation indices (SIs) were calculated by dividing the dpm of experimental points by dpm of unactivated CD4 ϩ T cells.
Northern analysis
Northern analysis was performed for IFN␥ with 10 g total RNA as described. 13 RNA was developed with a cDNA probe, randomly labeled with [␣-32 P]-dATP, 111 Tbq/mM (Dupont/NEN, Boston, MA), using Prime-IT II random primer kit (Stratagene, La Jolla, CA). Normalization was done with cDNA for 18S rRNA. Bands were scanned after 24 hours using the Typhoon phosphoimager (Amersham Biosciences, Piscataway, NJ). IFN␥ cDNA probe was previously described. 13 
ELISA for IFN␥ levels
The media in cultures of MSCs, at 80% confluence in 100 ϫ 17-mm culture dish, were replaced with 2 mL fresh media. After 16 hours, cell-free culture media were collected and placed in siliconized tubes and then studied for IFN␥ levels by enzyme-linked immunosorbent assay (ELISA) with a kit purchased from R&D Systems.
Flow cytometry
At 80% confluence, MSCs were incubated with 10 or 100 U/mL IFN␥. At different times, the MSCs were de-adhered with dissociation solution, washed with 1 ϫ PBS (pH 7. 
Statistical analysis
Data were analyzed using analysis of variance and Tukey-Kramer multiple comparisons test. A P value of less than .05 was considered significant.
Results

Phagocytic properties of MSCs
MSCs have been shown to engulf foreign particles. [16] [17] [18] To ascertain that the MSCs propagated in our laboratory exhibit similar function, MSCs from 4 different donors were incubated with 1-m fluorescence particles and then examined by confocal fluorescence microscopy. Autologous macrophages served as positive control. Figure 1 showed representative images for M⌽s ( Figure 1A ) and MSCs ( Figure 1B ) in 3 planes: upper, middle, and lower. There was relatively bright fluorescence in the middle layers for both M⌽s and MSCs ( Figure 1A ). This section provides evidence to show phagocytic functions of MSCs.
Antigen-presenting properties of MSCs
MSCs act as immune suppressors in a setting of allogeneic responses, but showed no effect during responses to recall antigens. 11 In addition, despite the presence of MSCs, during viral infection, cytotoxic responses were elicited, although at less efficiency. 11,13 MSC-derived IFN␥ was critical for the development of T-cytotoxic responses to viral infection. 13 Another interesting observation was that subsets of MSCs express low density of MHC class II, 11 indicating that the immune properties of these cells are complex. This section determined whether MSCs could act as APCs when challenged with 2 different recall antigens, C albicans and T toxoid.
The APC assays are based on the proliferation of antigenspecific CD4 ϩ cells (activated) to autologous MSCs that were preincubated with the antigen (pulsed). Macrophages are professional APCs and therefore served as references to determine the relative efficiency of APC functions by MSCs. Antigen-activated CD4 ϩ T cells were incubated with pulsed or unpulsed MSCs or macrophages. Time-course studies at 24 and 48 hours indicated 48 hours as the optimum time for the proliferation of CD4 ϩ T cells. Figure 1C shows the mean SI Ϯ SD (n ϭ 6) of CD4 ϩ T-cell proliferation in APC assays with C albicans. Each experiment was performed with cells from a different donor. The 2 left data sets represent unpulsed macrophages and MSCs cultured with unactivated or activated CD4 ϩ T cells. There were no significant (P Ͼ .05) differences in cell proliferation. The 2 right data sets ( Figure 1C ) show studies in which pulsed macrophages and MSCs were incubated with activated and unactivated CD4 ϩ cells. There was significant (P Ͻ .05) proliferation by activated CD4 ϩ T cells compared with unactivated CD4 ϩ T cells. The proliferation observed in cultures with pulsed MSCs and activated CD4 ϩ T cells was significantly less (P Ͻ .05) than similar studies with macrophages ( Figure 1C ). However, there was significant (P Ͻ .05) proliferation of pulsed MSCs cocultured with activated CD4 ϩ T cells compared with coculture with unactivated CD4 ϩ T cells ( Figure 1C second set of graphs from the right). This suggests that although MSCs showed APC properties, the efficiency was less than macrophages. To verify that the APC function of MSCs exposed to C albicans was not an artifact, the studies were repeated with T toxoid and the results showed a similar response ( Figure  1D ). MSCs differentiated toward fibroblasts do not show APC functions (data not shown). In summary, studies with 2 different antigens show evidence of MSCs exhibiting APC properties.
Role of endogenous IFN␥ on MHC-II expression in MSCs
The next set of studies was aimed to get insights on the mechanism that could reconcile the dual but opposing functions of MSCs: APCs ( Figure 1 ) and immune-suppressor effects. 11, 20 We used the veto property of MSCs as a basis to formulate a hypothesis. In general, veto function occurs in a setting of graft-versus-host responses where the microenvironment would have high levels of inflammatory mediators, such as IFN␥. 28 We proposed that the APC property of MSCs occurred during a narrow window of infection, specifically when the level of the inflammatory mediator IFN␥ was low. We further propose that at high levels of IFN␥, MHC-II expression was decreased. Consequently, the MSCs are able to act as veto cells. 11 To test our hypothesis, we first studied the timeline expression of MHC-II in MSCs incubated with 2 concentrations of IFN␥: low (10 U/mL) and high (100 U/mL).
MSCs were incubated with IFN␥ and, at different times, they were studied for MHC-II expression by flow cytometry using PE anti-HLA-DR. Representative results for 4 different experiments, each with MSCs from a different donor, are shown in Figure 2A . The isotype controls and anti-HLA-DR-labeled cells are presented as solid and open graphs, respectively, in the figure. Each time point was performed as unstimulated and IFN␥-stimulated cultures, and were therefore analyzed by flow cytometry as paired samples. The mean fluorescence intensities (MFIs) Ϯ SD for all studies are shown in the panels. MSCs incubated with 100 U/mL IFN␥ showed significantly (P Ͻ .05) reduced MFI compared with similar cultures with 10 U/mL IFN␥. The MFI at 100 U/mL IFN␥ showed a trend toward increase in MHC-II at 16 hours following IFN␥ exposure. Incubation with IFN␥ at both concentrations did not result in cell death, as indicated by trypan blue exclusion. The variability in cell numbers at different time points was similar for both stimulated and unstimulated cultures. In summary, there is a decrease in MHC-II expression at high levels of IFN␥, but unchanged at low IFN␥ level. The decreased expression of MHC-II showed a reversed effect after prolonged exposure to high IFN␥ levels (16-hour point).
Effects of IFN␥ on the type I receptor (IFN␥RI)
Since MHC-II expression was decreased in MSCs stimulated with 100 U/mL IFN␥ (Figure 2A ), we next asked whether this could be explained by reduced expression of IFN␥RI. In 4 experiments, MSCs were treated with 10 U/mL or 100 U/mL IFN␥, and, at different times, the cells were studied for IFN␥RI expression by 
Endogenous IFN␥ and MHC-II expression in MSCs
We previously showed endogenous production of IFN␥ by MSCs with cytokine protein arrays. 13 We now quantitated IFN␥ by ELISA Activated CD4 ϩ cells were immunoselected from PBMCs that were challenged for 5 days with 10 g/mL C albicans (C) or T toxoid, at 1:100 final dilution (D). Control studies were done in parallel in media alone (Unactivated CD4 ϩ ). Activated CD4 ϩ cells were added to autologous MSCs or macrophages, and exposed overnight to C albicans or T toxoid (Pulsed), or to media alone (Unpulsed). Cell proliferation was determined by [methyl-3 H]-TdR incorporation, and the results were expressed as stimulation indices (SIs); mean Ϯ SD (n ϭ 6). Background disintegrations per minute (unactivated CD4 ϩ and activated CD4 ϩ ) were 308 Ϯ 8 and 140 Ϯ 4, respectively. *P Ͻ .05 versus unactivated CD4 ϩ cells/pulsed and activated/unpulsed cultures. **P Ͻ .05 versus pulsed MSCs ϩ activated CD4 ϩ cells.
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Since IFN␥ has been shown to regulate the expression of MHC-II in immune cells, 29 we asked whether the endogenous low level of IFN␥ could be responsible for maintaining MHC-II expression on the MSCs. 11 This premise is supported by similar expression of MHC-II in unstimulated MSCs and those exposed to 10 U/mL IFN␥ (Figure 2A ). The question posed in this section was addressed with IFN␥ knockdown MSCs. 13 Suppression of IFN␥ did not lead to spontaneous differentiation since the knockdown cells were capable of forming osteogenic and adipogenic cells ( Figure 3B ), and formed NeuN-positive cells following treatment with retinoic acid (not shown). 9 Cells were suspended in a 50% PBS/50% glycerol solution and stained with actin phalloidin Alexa Fluor 488. Images were acquired with a Nikon Eclipse TS100 microscope (Nikon, Tokyo, Japan) with a 100 ϫ/0.3 NA objective, a Nikon PCM 2000, camera, and C. Imaging Series software (Compix Imaging Systems, Orandberry, PA). Flow cytometry for MHC-II in the IFN␥ knockdown MSCs showed undetectable fluorescence. A representative study for 4 experiments, each with a different donor, is shown in Figure 3C . We observed overlapping fluorescence for untreated MSCs labeled with isotype control ( Figure  3C , open graph) and IFN␥-knockdown MSCs. It should be noted that the cells were stably transfected with the siRNA plasmid. Untreated and MSCs transfected with the siRNA vector alone showed MHC-II expression and overlapping fluorescence ( Figure 3C, solid graph) .
To further prove that the endogenous levels of IFN␥ are responsible for maintaining MHC-II expression in unstimulated MSCs, we re-added 10 U/mL IFN␥ to the knockdown MSCs. 
Allogeneic functions of IFN␥ knockdown MSCs
The significance of reduced MHC-II expression when IFN␥ levels were increased was addressed in functional studies. The MLR is a hallmark of allogeneic differences and therefore served as functional readouts to determine the relationship between high levels of IFN␥ and MHC-II expression. Furthermore, MSCs have been shown to elicit allogeneic responses. 11 We treated MSCs from 7 different donors with 100 U/mL IFN␥. After 8 hours, the cells were washed and then used as stimuli in MLR reactions. MSCs from each donor were tested with PBMCs from 2 different donors (n ϭ 14). Allogeneic differences between the donors of PBMCs and MSCs were verified in one-way MLR with their PBMCs (data not shown). MSCs were pretreated with IFN␥ to serve as stimulator cells in MLR. The results showed significantly (P Ͻ .05) reduced cell proliferation of responder PBMCs, compared with MLR with untreated MSCs (Figure 4A ). Immunofluorescence studies for MHC-II were performed immediately before the treated MSCs were added to the cultures, and the results showed undetectable surface expression.
We next used similar MLR assays to verify a role for endogenous IFN␥ in MHC-II expression by siRNA technology. MSCs, stably knocked down for IFN␥, served as stimulator cells in MLR. Control stimulators were MSCs either stably transfected with vector alone (pPMSKH1), transfected with mutant siRNA, or untransfected. In 5 different experiments, wild-type siRNA resulted in significantly (P Ͻ .05) reduced proliferation (SI) of PBMCs ( Figure 4B ). There were comparable SIs for MSCs untransfected, vector transfectants, and mutant siRNA transfectants ( Figure 4B) . Together, the results show the reduced allogeneic potential of MSCs that were incubated with 100 U/mL IFN␥.
Role of endogenous IFN␥ on the APC function of MSCs
Unpulsed MSCs produced low levels of IFN␥ with concomitant expression of MHC class II (Figures 2-3) . Furthermore, in the presence of a relatively higher concentration of IFN␥, the allogeneic responses of MSCs were reduced ( Figure 4A ). This reduction correlated with a decrease in MHC-II expression (Figure 2A) . The question posed is how MSCs could act as APCs in a microenvironment of immune responses when IFN␥ levels are expected to be elevated? We therefore propose that the APC function of MSCs is limited to a period before inflammatory responses. We further propose that the APC function of MSCs requires the production of endogenous IFN␥ for MHC-II expression (Figure 2A) .
The question posed above was addressed by taking advantage of IFN␥ receptor type I (IFN␥RI) expression on MSCs 19 ( Figure  2B ). APC assays with C albicans and T toxoid were performed with MSCs pretreated with anti-IFN␥R1. The antibody was retained in cultures throughout the assay period. The goal was to block the response of endogenously produced IFN␥, thereby preventing the expression of MHC-II. The levels of IFN␥R1 antibody used in assays ranged between 0.1 and 5 g/mL. Parallel cultures contained equivalent concentrations of isotype control. We have determined the optimum concentration of anti-IFN␥RI at 1 g/mL based on the highest MFI in immunofluorescence studies. At 1 g/mL anti-IFN␥RI, we could not activate Stat1 in cells treated with 10 U/mL IFN␥, as determined by gel shift assays (not shown).
The results for studies with T toxoid and C albicans were similar. The results, shown for the optimum level of anti-IFN␥RI indicate significantly (P Ͻ .05, n ϭ 5) reduced proliferation of activated CD4 ϩ T cells in cultures with pulsed MSCs (Figure 5A right group). Similar reduction was not observed in parallel cultures containing isotype control ( Figure 5A second set of bars from the right).
The next set of studies determined whether the blunting effects of anti-IFN␥RI correlated with reduced expression of MHC class II. The experiments shown in Figure 5A were repeated, and at 2 hours and 12 hours after the APC assay began, the MSCs were examined for MHC class II by immunofluorescence. The adherent cells in the APC assays were double-labeled with FITC anti-CD105 (MSC marker) and PE anti-HLA-DR. Representative results with C albicans are shown in Figure 5B For personal use only. on August 15, 2017 . by guest www.bloodjournal.org From gradual reduction in MHC class II expression on MSCs placed in APC assays.
IFN␥ levels in APC cultures
The reduced expression of MHC-II in MSCs from APC assays in which anti-IFN␥RI was present ( Figure 5B lower panel) indicates a situation that makes the MSCs unresponsive to IFN␥ with respect to the expression of MHC-II. Thus, these cells would not be able to act as APCs. The MSCs exposed to isotype control for 2 hours in APC assays showed detectable MHC-II ( Figure 5B middle panel) . This contrasted with similar cultures at 12 hours with isotype control ( Figure 5B, bottom panel) . We therefore asked whether the time-dependent differences in MHC-II expression correlated with changes in IFN␥ levels. The supernatants obtained from APC assays with pulsed MSCs, activated CD4 ϩ cells, and isotype control were quantitated for IFN␥ level by ELISA (R&D Systems). In 5 different experiments, we observed 75 Ϯ 6 pg/mL and 402 Ϯ 10 pg/mL IFN␥ at 2 and 12 hours, respectively. The IFN␥ levels were converted to activity (U/mL) in a bioassay and the results showed 75 to 80 pg/mL and 400 to 450 pg/mL being equivalent to 35 Ϯ 2 U/mL and 130 Ϯ 10 U/mL. The results showed a correlation between IFN␥ levels and MHC-II expression, in a time-dependent manner.
Time-dependent effects of IFN␥ on APC functions of MSCs
Blocking studies with anti-IFN␥RI showed decreases in APC functions ( Figure 5A ). In addition, there was a decrease in MHC-II expression in MSCs obtained from 12-hour APC assay ( Figure  5A-B) . We next determined whether MSCs, preincubated with IFN␥ at 10 and 100 U/mL for 2 and 12 hours, could affect their ability to act as APCs. Studies with both C albicans and T toxoid showed significantly (P Ͻ .05) reduced proliferation of CD4 ϩ cells when the MSCs were incubated with 100 U/mL IFN␥, compared with MSCs incubated with 10 U/mL IFN␥ ( Figure 5C) . The time at which the MSCs were exposed to 100 U/mL IFN␥ was important since 12-hour incubation showed significantly (P Ͻ .05) less proliferation of CD4 ϩ cells compared with 2-hour incubation ( Figure 5C ).
IFN␥ levels in APC assays with IFN␥RI-pretreated MSCs
Four sets of data formed the basis for the studies described in this section: (1) APC assays with anti-IFN␥RI showed significant reduction in cellular immune responses ( Figure 5A ); (2) the presence of IFN␥RI and high levels of IFN␥ led to decreased expression of MHC-II ( Figure 5B) ; (3) knockdown of IFN␥ led to decreased expression of MHC-II ( Figure 3C) ; and (4) exogenous IFN␥ restored the expression of MHC-II on MSCs ( Figure 3D ). Since MSCs could present antigen only if MHC-II was expressed, the aforementioned 4 points indicate that these cells would be able to present antigen only at a time before IFN␥ levels were increased. We therefore determined the levels of IFN␥ from cultures in which MSCs were pretreated with anti-IFN␥RI or isotype control. The data, described in Table 1 , showed a significant decrease in IFN␥ levels for cultures in which MSCs were pretreated with anti-IFN␥RI compared with isotype control, as described in the table's footnotes.
Discussion
The following summarizes the major findings in this report: (1) APC properties of MSCs have been demonstrated for 2 recall antigens, C albicans and T toxoid; (2) MHC-II expression on MSCs requires autocrine stimulation by endogenous, but low, IFN␥ levels; and (3) at high IFN␥ levels, MHC-II is decreased, causing loss in the ability of MSCs to act as APCs. This third point formed the basis for our conclusion that MSCs could act as APCs during a narrow window of being exposed to at least 2 recall antigens ( Figure 6 ). As proof of principle, the MSCs incubated for 12 hours showed loss of their ability to act as APCs ( Figure 5C ). Thus, it appears that increased immune response with concomitant elevation of IFN␥ levels could lead to reduced expression of MHC-II (Figures 2A, 4A, and 5) . Although the significance of reduced MHC-II expression has not been addressed in this study, it may be implied that the MSCs could change their functions from APCs to immune suppressors.
There are 2 questions that arise in trying to understand why MSCs exhibit dual roles: (1) Why do MSCs act as immune suppressors during the late stages of the immune response, or at a later time after being exposed to recall antigens? (2) What is the advantage of MSCs to decrease the expression of MHC-II during exacerbated immune response? The premise of immune suppressor during the later stage of an immune response is in line with previous findings showing MSCs acting as veto cells. 11 The MSCs would be required to exert veto function during graft-versus-host response, which is a disorder correlating with high IFN␥ levels. 28 The physiologic significance for halting the APC function of MSCs could be partly explained by the anatomic location of these cells surrounding blood vessels of the BM. 6 As the vasculature system controls cells traversing the BM cavity, the vessels' integrity needs to be maintained. Thus, an infection will require quick clearance at this periphery/BM boundary, whereas an exacerbated or prolonged, localized response could be detrimental to the blood vessel. Another reason for blunting the APC functions could be relevant to hematopoietic homeostasis. Inflammation could be suppressive to hematopoietic activities and would therefore be undesirable in the setting of hematopoiesis. 30 Recent reports indicate dysfunctions in MSCs from patients with hematologic disorders, known to be linked to immune-mediated mechanisms, such as aplastic anemia. 23 Thus, the MSCs might be cells with functions to offset exacerbated inflammatory responses, when cytokines such as IFN␥ are increased. Such negative feedback of MSCs on the inflammatory response is particularly important since IFN␥ has also been linked to aplastic anemia. 31 At high levels, IFN␥ acts as a hematopoietic suppressor, 32, 33 thus it would be undesirable for the BM to have an ongoing inflammatory reaction. Although speculative, these arguments are in line with the recent report of MSCs being significant to hematologic disorders. [23] [24] [25] Since the MSCs were pulsed with the antigen, and then presented to CD4 ϩ cells that were preactivated with the same antigen, it is deduced that the responses are toward CD4 ϩ T cells that have recently been primed with the recall antigen. Therefore, our studies suggest that MSCs can act as APCs in expanded memory T cells. Future studies are planned to examine the efficiency of MSCs to long-term memory T cells. The APC assays used autologous MSCs and PBMCs. Each donor reported vaccines for tetanus. Since most individuals have been exposed to C albicans, this study was limited to recall antigens. If MSCs were able to efficiently present antigen, then the pulsed MSCs should have been able to elicit the proliferation of unactivated CD4 ϩ cells. We, however, did not observe a marked increase in CD4 ϩ proliferation when the pulsed MSCs were exposed to unactivated CD4 ϩ cells ( Figure 1C-D) . These cellular-based readouts need further investigation on the efficiency of MSCs as APCs since the IFN␥ levels in assays with pulsed MSCs and unactivated CD4 ϩ T cells might suggest slight responses (Table 1) . Thus, based on the studies, we could claim only that MSCs act as APCs when they are exposed to CD4 ϩ cells that have been challenged with the recall antigens. Future studies with naive antigens are warranted to address these questions.
The proliferation of CD4 ϩ cells served as readout of APC functions. Thus, it could be argued that the CD4 ϩ cells were the target population in the APC function of MSCs. In general, CD4 ϩ cells could be subdivided as functionally Th1 and Th2. Although we have quantitated IFN␥ as increased in the APC assays, we cannot state that the response is distinctly a particular Th subtype. The reason for this uncertainty is based on a related study that reports lack of absolute characterization for Th-cell subsets based on cytokine production. 34 In addition to IFN␥, we have also observed increased levels of IL-2 (not shown). Since MSCs have been reported to produce IL-2 following viral infection, 13 further studies are required to link cytokine production and cellular subsets (MSCs vs T-cell subsets) during APC responses. Since we have argued that immune responses in the BM would negatively affect MSCs from 4 different donors were subjected to overnight incubation with 0.1 to 1 g/mL IFN␥RI. Cells were washed and then pulsed with C albicans or T toxoid. After this, the MSCs were washed and then placed in APC cultures in the presence of anti-IFN␥RI (0.1-1 g/mL) or isotype control. After 24 hours, culture supernatants were quantitated for IFN␥ by ELISA. The data are shown for values at 1 g/mL anti-IFN␥RI.
*These values showed significant (P Ͻ .05) differences between anti-IFN␥RI and isotype control.
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MSCs placed in culture could be heterogeneous. However, the population of cells that was used in this report shows properties consistent with stem cells and responded to IFN␥ in a biphasic manner: MHC-II at low levels and at the baseline, and undetectable to low expression at high levels. In other studies, 35, 36 100 U/mL IFN␥ showed an increase in MHC-II by 48 hours for adult MSCs. This is partly in agreement with our studies since a similar concentration of IFN␥ correlated with an increase in MHC-II by 16 hours (Figure 2A) . However, the difference between other studies 35 and this report lies in the baseline expression of MHC-II and with low levels of IFN␥ (Figure 2A) . At this time, we have no explanation for this difference although previous studies from our laboratory published low expression of MHC-II on MSCs. 11 Perhaps our subset of MSCs might be different from the studies of Le Blanc et al. 35 Similar studies by Le Blanc and colleagues (Gotherstrom et al 36 ) using fetal MSCs showed a slow expression of MHC-II, as indicated by a necessary stimulation period of 7 days with 100 U IFN␥/mL. This suggests that MSCs might respond differently to IFN␥. In summary, this report clearly shows an intriguing role for MSCs, but also indicates that further studies are required to dissect their potential as BM gatekeeper cells.
